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NASA TT F-11 ,591 
D I P O L E  MOMENT OF THE DOUBLE LAYER OF M E T A L L I C  SURFACES 

R.  Garronl 

ABSTRACT. T h e  d ipole  moment is  evaluated d i r e c t l y ,  assuming i t  
to  b e  caused by sur face  e l ec t rons .  
levels by s -e lec t rons  i n  the fundamental s t a t e  is l i n k e d  to  the 
d i p o l e  moment of the double layer .  

T h e  occupation of sur face  

Oldekop and Sauter  [ l ]  have suggested, on t h e  b a s i s  of t h e  work of Bardeen 
[ 2 ] ,  t h e  ex is tence  of a double l aye r  on the  sur face  of metals i n  order  t o  
explain t h e  d i f f e rence  between the  escape p o t e n t i a l  evaluated using Thomas-Fermi 
s t a t i s t i c s  and the  measured one. This double l aye r  c r e a t e s  a d ipole  moment and 
thus a p o t e n t i a l  V In c o n t r a s t  t o  t h e  compari- 

son between predic ted  and measured values  i n  t h e  a l k a l i  cases ,  Oldekop and Sauter  
[ l ]  have shown t h a t  t h e  p o t e n t i a l  Ves does not  represent  t h e  e s s e n t i a l  contribu- 

t i o n  t o  t h e  output p o t e n t i a l  bu t  t h e i r  method does not  permit t h e  accurate  
evaluat ion of i t s  exact  cont r ibu t ion .  

t h e  hypothesis t h a t  it i s  caused by sur face  e l ec t rons ,  whose ex is tence  has been 
shown by Tamm [3]. We do know t h a t  i n  a f i n i t e  c r y s t a l  t h e r e  can e x i s t  e l e c t r o n i c  
sur face  s t a t e s ,  whose energy l e v e l s  have been evaluated i n  t h e  unidimensional 
c r y s t a l l i n e  model where the  i n t e r n a l  p o t e n t i a l  i s  a s e r i e s  of 6-functions [4,5,6].  

shown t h a t  t h e  in t roduct ion  of a p a i r  of sur face  l e v e l s  involves t h e  suppression 
of two l e v e l s ,  one i n  t h e  lower band t h e  one i n  t h e  upper band a s  ind ica ted  by 
t h e  p a t t e r n  i n  Fig.  1. 
w i l l  be replaced by a d-e lec t ron  o r  an s - e l ec t ron  of t h e  su r face  atoms. 

/23462 

i n  t h e  v i c i n i t y  of the  sur face .  es 

We w i l l  attempt t o  make a d i r e c t  evaluat ion of t h e  d ipole  moment based on 

Moreover, i n  t h e  case of metals having overlapping bands, Shockley [7] has 

In  the  p a r t i c u l a r  case of gold o r  s i l v e r ,  a sur face  l eve l  

We now show t h a t  t h e  occupation of  these  sur face  l e v e l s  by s -e lec t rons  
i n  the  fundamental state i s  necessa r i ly  l inked t o  t h e  d ipo le  moment of t h e  
double l a y e r  proposed by Oldekop and Sauter  [ l ] .  
p o s i t i v e  charges is  located on the  surface i t s e l f  and s ince  t h e  e l ec t ron  dens i ty  
l inked t o  t h e  su r face  s t a t e s  depends on the  depth x, t h e  cen te r  of negat ive 
charge w i l l  not  i n  general  l i e  on the  sur face  i tself  and t h e r e  w i l l  r e s u l t  a 
d ipole  moment pe r  u n i t  sur face  T = NeX, where N i s  t h e  number of atoms per  u n i t  
su r f ace  and X is t h e  pos i t i on  of t h e  center  of negat ive charge. This moment 
c r e a t e s  a p o t e n t i a l  Ves = ‘ C / ~ E O  

func t ions  

Indeed, t h e  cen te r  of  

a t  a point  i n  t h e  v i c i n i t y  of t he  sur face .  

We eva lua te  t h e  pos i t i on  X of t h e  center  of nega t ive  charges from t h e  wave 
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Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  fo re ign  t e x t .  
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The ax i s  x i s  perpendicular  t o  the su r face ,  A and B a r e  normalizing 
constants  and 
c r y s t a l  l a t t i c e .  The c o e f f i c i e n t s  1-1 and rl can be evaluated from t h e  c r y s t a l  /2347 
constants  and the  energy E corresponding t o  sur face  s t a t e s ,  and the  constants  
A,  B, and 4' can be found by matching the  wave funct ions on the  sur face  (x: = 0)  
a t  zero angular  degrees and normalizing f o r  t he  whole space.  If L and Lz  

denote t h e  c r y s t a l  dimensions along the  y and z axes p a r a l l e l  t o  t he  sur face ,  
we f i n d  

= s i n  [(2Tr/a) + 9 3 ,  where a is t h e  length of t he  

Y 

C 
W 

7' Interatomic d is tance  - *. ' 
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To a wave .function Y ,  t he re  corresponds an e l e c t r o n i c  dens i ty  
<Y I 'Y>  a t  a po in t  x, y ,  z .  
can be evaluated by wr i t i ng  

The p o s i t i o n  of  t h e  c e n t e r  of negat ive charges 

The i n t e g r a t i o n  y i e lds  

As an example, we w i l l  eva lua te  the con t r ibu t ion  V t o  t h e  p o t e n t i a l  
0 es 

V by t ak ing  V = 10 eV and a = 4.04 A i n  t h e  case of t i g h t  binding.  
0 0 

These cons tan ts  are those  of t h e  gold and t h e  se l f -coherent  theory ,  which 
converges quick ly ,  giving us a value of V 2V.  es 

We w i l l  show i n  t h e  near  f u t u r e  t h a t  t h e  v a r i a t i o n s  o f  t h e  escape /2348 
p o t e n t i a l  with t h e  thickness  of t he  me ta l l i c  l a y e r s  [8,  91 a r e  r e l a t e d  t o  
corresponding v a r i a t i o n s  i n  t h e  d ipo le  moment thus  evaluated.  
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